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injection molding process. The method of the residual stress testing used the principles of photoelastic
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ABSTRACT

This thesis was studied on the residual stress testing in plastic which was made by
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gﬂﬁ 2.6 Michel-Levy interference color chart [6]
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A3 2.1 ﬂ'm'nwum““iaﬂ'um'mmaﬂawgnmﬂﬂ (Retardation) [6]

order | retardation colour order | retardation colour
(nm) (nm)
I 0 Black 11 845 greenyellow
40 Dark grey 865 lightgreenyellow
100 Lavender grey 910 yellow
160 Greyish blue 950 orange
220 grey 1000 bright orange
235 Light green 1100 darkviolet
260 white HI 1130 lightviolet
270 Whiteyellow 1150 blueviolet
275 LightgoldenYellow 1260 greenblue
280 khaki 1335 darkseagreen
305 Light Yellow 1375 brightgreen
330 yellow ‘ 1425 greenyellow
430 buff 1495 darkred
505 orange 1535 orangered
535 red 1620 orchid
550 Deep red 1650 greymagenta
Il 565 purple v 1680 greyblue
575 royalblue 1710 darkseagreen
590 mediumblue 1745 : bluegreen
665 Sky-blue 1810 lightgreen
730 darkcyan 1930 palegreen
750 green 2010 whitegrey
825 lightgreen 2050 bright orange
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2.4a713AY (Stress) [8]
s 1 4

a o v & Py o i 4
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P
g = P (2.9)

0= mnandu (Stress) Hviheduhana (Pa, 1 Pa = IN/m’) w3e kgf/mm uie psi (lbf/in’)
P = ussmeueniiuanseyih fimbedu N vde kefude Lbf

& a = o 2 a 2 a4  Z
A = HUNNAAAYINNLITINTEN :m Y50 mm ¥59 in

o o ' v a w o o
TWUWQULUﬂ'JqﬂJLﬂuﬁ'H“SQLluqaaﬂiﬁl,ﬁu 3 YUA AIUANWULUDILTINUINTEN
v ar g Pra ! g =t o & o & o a A o
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v v W <
Tuenvineenainiu dguil 2.7a
v Y ! a 3 4 a o & o & A @ - a v
2. ANMULAULLTION (Compresswe Stress) LNATULLBLLTINANINTEVIARINAUNUTAIARATING LHiaweeuanlw

ar =

) o <
Tagfluunaduas sagui 2.7b ‘
v [ £3 a & A a °o 0 va o & 4 ar = v
3, AAULAULSIEDY (Shear Stress) I'El'aiuaﬂ’c}m t Lnﬂ%ﬂLNaNLLTQMWﬂizﬂ']'['ﬂﬂﬂﬂq\!‘uU.'W‘Uﬂ'l.l?\m‘nﬂqﬂﬂﬂ‘lﬂ"N LWE].LVI
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' v oW o P " a & v X o = v A
ﬁﬂhﬂﬂﬂuﬁ?ﬁﬂ’]ﬂﬂum@zﬂm 2.7c UAUWMIAULIIRDU (Shear Force) MTmgRuUNAIARAUIT AYIVUIUAURANI
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a)usaita pIWNnA
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a) W39A (Tension) b) wsenm (Compression) C) ussidau (Shear)

JUN 2. 7anvaizuaaunsanszyineiingg ¢ [9)
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2.4.1 anuduiieannisiawarain [10]
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muusnunseri MaAunudsintunvmemasa $’J;mzan1'il;fﬁﬂmju'lﬁﬁpuwmﬁmmstﬂﬁuuuﬂaqgﬂﬁ'w
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2.4.2 gunuAAY (Stress Field) [11]
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auulelelasuifn (Isochromatic foeld)
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2.5 53uud RGB[13]
svuud RGB Wussuufvamas inannisinimuesuasnanailudia fefu 7 @ Jadunsuasi
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JUN2.9nRsduasuasuuuiduayidses [13]
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2.6.1uiuAvaL59 [14]

Tanusiveauss (moment of force) wialaaus (moment) manedis wavewsafingvideing
wialiaguaulusaugavau fay uausveauseife Naﬂmmaausaﬁuwazm&amnmnmuumﬁmquu Pagns
2.11

lus = use X sseeamnannuuanssiganyy (2.11)
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LuIRANIaTeluud fagun 2.10
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Sy W)
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3UM 2.10 fimmavedluans [14]

A = a
NFUT2.10 Tusiusimuidauuniinn = WxL2 (Hadu-ing)
Tuwdmudinim = ExL1 @du-ins)

v &

Milusivaeussnszine Tnglunil udvihlwingiuegluanivannasslsdn

13 3 ¢ I3
naTImve AN LR = Hasanvedluusn I diuIRm

2.6.1 A1y [15]
@ % lh v cal o ' = o @ & <
winmsvasluud danliiugunsaltiandy pu (lever) viamuaaauin auduedaana

a ot &Lua o v o <l al o 2 ' o o v a '3
wllavilsiildfniningliindounseugavyu (fulcrum) Sdnvazifuuisen wdnmavinureseuldndnvestumus

gﬂﬁ 2.11 dnwauzvnany [14]
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MsuunA Audwunle 3 Ussianvie 3 Sudused
v e e ol ' ' |
1. udusiud 1 1 Juauiiliyn (F) agsewiaussnnnumensu (E) wasussausumu (W) iy
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niﬂaﬂiﬂﬂﬁﬂ ﬂii‘lﬂimﬂlﬁu ﬁuﬂﬂajﬂ L%@Hﬂ'] hJﬂﬁzﬂﬂ ijuﬂu WQEUW 2:12

i E

U7 2.12 Arududu 1 [14]

v W = v 1 ]
2. amdusiu 2 uaiiiussanudumau (W) 2YITNINIUTIAWNEIEN (E) Wavqavyu (F)

1 e Y Y v oW o
Wil Miiavanunenau 39??11‘11/]375] NANNIEA Y Li‘]umu ﬂQEU'ﬂ 2.13
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o a dl A 1 !
3. MuBUAUT 3 1Wupuailiussrumereu () egszvrinausamusumu (W) wavyayy (F)
13 1 s A
Wy azifiey AnAudiu wiu Wusu degui 2.14

W
F
)
4
L E
E Y
* E S
W
Ul 2.14 mududy 3 [14]
2.6.2 Uszinvivenu [15]
2.6.2.1 puUszinnfimesiiug_ (Determinate Beam)
Wupuiannsamausgizodbijaldlaomsldaunsveansaunad  ( sM = 0

’ i vt & ] o ) ' . «
wag  3F, =0 ) fawrsamalagaauuseinnd laun AMUNYATDITULUUNY (Simple Support)  Aulaneiu

(Cantilever Beam) wagAuw1IW(Overhanging Beam) ﬁagﬂﬁZ.lS

;mﬁ 2.15(n.) muﬁqmsaa%’uwudw (Simple Support) [14]
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Eﬂﬁ 2.15(v.) Arudan yity (Cantilever Beam) [14]

EUﬁ‘ 2.15(A.) AU (Overhanging Beam) [14]

!J -l o
UM 2.15 mudssiandimaifivue

2.6.2.2 prulszinnaudmasivug ( IndeterminateBeam )[15]
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v
o s v

9 v o ' aan =t ¥yw e
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3

g ) |l o o P . 1 - u [ a
Fixed 30 mulmebuudiiyniuiivatiiu (Restrain Bearn) waza1usialilas (Continuous Beam) faguf 2.16

L'l

5UA 2.16(n.) AuaneBuusiigauiivaisiu (Restrain Beam) [14]
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gﬂﬁ 2.16(3.) muvanedunsiigniuivae 2 90 (Restrain Beam) (14]

q

gﬂﬁ 2.16(n.) AuABILind (Continuous Beam) [14]

U7 2.16(1) Auiifigndaviaaesdng (Double End Fixed) [14]

o a ca .
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2.6.3 uwsudaunazluudannieluaiu [15]
o . & a o ' i o v
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TWsunsudasizisadlnessuiiisudusnunaulanunise Michel-levy Tu Matlab

clear;clcclose all;

% Input %

c_value = 2.54; %Constant

%

co_x_start= 101; %Range of coordinate used in photoelastic result

co_x_end = 101; %Range of coordinate used in photoelastic result

co_y_start = 117; %Range of coordinate used in photoelastic result

co_y_end = 117; %Range of coordinate used in photoelastic result

%

use_thickness = false; %Use the data from the bifriengence diagram that pertain to certain thickness
sample_thickness = 3.2; %If use_thickness = true, make sure that sample_thickness is between
thickness_top and thickness_bottom.

tol_thickness = 10;%Tolerance for thickness in terms of pixels

thickness_top = 0.06; %Thickness range in the bifriengence diagram

thickness_bottom = 0; %Thickness range in the bifriengence diagram

%

tol_color_start = 20;%Tolerance for color

number_of_matching_point = 1; %Target number of matching points in order to calculate the mean
retardation.

%

%Coordinate of the color-data in bifriengence diagram. This is because the

%diagram contain other pixels that are not the relevant information.

offset_column = 72;

end_column = 507 + offset_column;

row_top = 54;

row_bottom = 394;

%

%Plotting

overplot_matching_point = true;

% Error Checking %

if use_thickness

W2



if sample_thickness > max(thickness_top,thickness_bottom)
error('Sample thickness is too thick.)
end
end
% Code %

a = imread('birefringence.jpe’); %Chart
b = imread('sample.jpg);

sweep_x = co_x_start:co_x_end;
sweep_y = co_y_start:co y end;
num_x = co_x_end-co_x_start+1;

num_y = co_y_end-co_y start+1;

figure(1);image(b);%axis equal tight;
line([co_y_start co_y_start],[co_x_start co_x_end])
line(fco_y_end co_y_endl],[co_x_start co_x_end])
line([co_y_start co_y_end],[co_x_start co_x_start])
line([co_y_start co_y_end],[co_x end co_x_end))
%9%{
stress_array = zeros(num_x,num_y);
retard_array = zeros(num_x,num_y);
%data_array = zeros(num_x,num_y,2);
tol_color_in = tol_color_start;
fori=1mnum_x

for j = L:num_y

co_x_b = sweep x(i);

co_y b = sweep y(j);

[stress, retard, tol_color, data_out] = calculate_stress(a,b,co_x_b,co y b,use_thickness,...
sample_thickness,tol_thickness ,tol_color in,...
offset_column,row_top,row_bottom,...
thickness_top,thickness_bottom,c_value,end_column,number_of matching_point);

tol_color_in = tol_color;

stress_array(i,j) = stress;
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retard_array(i)) = retard;
data_array(i,).data = data_out;
fprintf(finish co_x = %i, co_y = %i, retard = %i \n', co_x_b, co_y b, retard)
end
end
9%}
figure(3); image(a); axis equal tight; hold on
if overplot_matching_point
for i = 1:num_x
forj = 1:num_y
[ndata,~,~] = size(data_array(i,j).data);
for k = 1:ndata
co_x = data_array(i,j).datalk,1);
co_y = data_array(i,j).data(k,2);
plot(co_y,cowx,'b.',‘markersize',BO)
end
end
end
end
save('save_data.mat'stress_array’)

plot_stress(stress_array)
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TUsunsuuanIftaeanIsAuIumAIa AUty Matlab

function [stress, retard, tol_color, data_out] = calculate_stress(a,b,co_x_b,co_y b,use_thickness,...
sample_thickness,tol_thickness ,tol_color_start,...
offset_column,row_top,row_bottom,...

thickness_top,thickness_bottom,c_value,end_column,number_of matching_point)

r_b =blco_x b,co_y b,1);
g b =blco_x_b,co_y b,2),
b b =blco x b,co y b,3);
%Plot the photo that contains the target spot
%figure(1);image(b);axis equal tight;hold on
%Plot the color spot on the photo
%plot(co_y b,co x b,'b.'/markersize',30)
%figure(2);
%Plot color on a separate window
%c(1,1,1)=r_b;
9%¢c(1,1,2)=¢_b;
%c(1,1,3)=b_b;
%image(c);
%Calculate the appropriate range for the specified sample thickness
if use_thickness
array_thick = linspace(thickness_top, ...
thickness_bottom,row_bottom-row_top+1);
array_thick_sub = abs(array_thick - sample_thickness);
[~, thick_position] = min(array_thick_sub);
half_tol_thickness = floor(tol_thickness/2);
thick_range = [thick_position + row_top - half_tol_thickness, ...
thick_position + row_top + half_tol_thickness];
else
thick_range = [row_top, row_bottom];

end
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continue_loop = true;
tol_color = tol_color_start;
count_previous = 100000;
while continue_loop
[count_point,data] = find_matching_color(a,r_b,g b,b b,tol color...
Jthick_range,offset_column,end _column);
if count_point == number_of matching_point
continue_loop = false;
elseif count_point < number_of matching_point
tol_color = tol_color + 1;
elseif (count_point > number_of matching_point) && (count_previous > number_of matching_point)
tol_color = tol_color - 1;
elseif (count_point > number_of matching_point) && (count_previous < number_of matching_point)
continue_loop = false;
end
count_previous = count_point;

end

%plot_points(a,data,count_point)

for i = l:count_point
co_y = data(i,1,2);
rt(i) = find_retardation(co_y,offset_column);
end
%
retard = mean(rt);
%
stress = retard/c_value/sample_thickness;
data_out = data;

end
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function [count_point,data] = find_matching_color(a,r_b,...
g b,b_b,tol_color,thick_range,offset_column,end_column)
found_pixel = false;
count_point = 0;
index_data = 1;
for j = offset_column:end_column

for i = thick_range(1):thick_range(2)

r_a = aij,1);
g a = alij2);
b a = a(i,,3);
if( ((r_b <=r_a+tol_color) & (r_b >=r_a-tol_color)) ...

&&((g_b <= g a+tol_color) && (g _b >= g_a-tol_color)) ...
&& ((b_b <= b_a+tol_color) & (b b »>= b a-tol_color)) ...
)
9%fprintf(Found coordinate: x= %i y=%i \n',i,j)
Co_X =i
coy=j
found_pixel=true;
data(index_data,1,1) = co_x;
data(index_data,1,2) = co y;
index_data = index_data + 1;
count_point = count_point + 1;
%plot(co_y,co x,'b.",'markersize',30)
end
end
end
if ~found_pixel
count_point=0;
data = 0;
end

end
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Tusunsuuansveuiwmdeuluvasdi Retardation Tuudazgauunsa Michel-levy

function rt = find_retardation(y,offset)

%first order

if y == 0 + offset
rt=0;

elseif (y>0 + offset) && (y<=8 + offset);
rt = 40;

elseif (y>8+offset) && (y<=20 + offset);
rt=100;

elseif (y>20+offset) && (y<=30 + offset);
rt=160;

elseif (y>30+offset) && (y<=42 + offset);
rt=220;

elseif (y>42+offset) && (y<=51 + offset);
rt=235;

elseif (y>51+offset) && (y<=66 + offset);
rt=260;

elseif (y>66+offset) && (y<=74 + offset);
rt=270;

elseif (y>74+offset) && (y<=82 + offset);
rt=275;

elseif (y>82+offset) && (y<=84 + offset);
rt=280;

elseif (y>84+offset) && (y<=86 + offset);
rt=305;

elseif (y>86+offset) && (y<=94 + offset);
rt=330;

elseif (y>94+offset) && (y<=105 + offset);
rt=430;

elseif (y>105+offset) && (y<=118 + offset);
rt=505;

elseif (y>118+offset) && (y<=126 + offset);
rt=535;
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elseif (y>126+offset) && (y<=133 + offset);
rt=550;

%second order

elseif (y>133+offset) && (y<=143 + offset);
rt=565;

elseif (y>143+offset) && (y<=153 + offset);
t=575;

elseif (y>153+offset) && (y<=168 + offset);
rt=590;

elseif (y>168+offset) && (y<=176 + offset);
rt=665;

elseif (y>176+offset) && (y<=186 + offset);
rt=730;

elseif (y>186+offset) && (y<=194 + offset);
rt=750;

elseif (y>194+offset) && (y<=201 + offset);
rt=825;

elseif (y>201+offset) && (y<=207 + offset);
rt=845;

elseif (y>207+offset) && (y<=214 + offset);
rt=865;

elseif (y>214+offset) && (y<=224 + offset);
=910,

elseif (y>224+offset) && (y<=241 + offset);
rt=950;

elseif (y>241+offset) && (y<=256 + offset);
rt=1000;

elseif (y>256+0ffset) && (y<=273 + offset);
rt=1100;

9%third order

elseif (y>273+offset) && (y<=282 + offset);
rt=1130;

elseif (y>282+offset) && (y<=291 + offset);
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r=1150;
elseif (y>291+offset) && (y<=297 + offset);
rt=1260;
elseif (y>297+offset) && (y<=306 + offset);
rt=1335;
elseif (y>306+offset) && (y<=316 + offset);
rn=1375;
elseif (y>316+offset) && (y<=339 + offset);
rt=1425;
elseif (y>339+offset) && (y<=357 + offset);
rt=1495;
elseif (y>357+offset) && (y<=368 + offset);
rt=1535;
elseif (y>368+offset) && (y<=388 + offset);
rt=1620;
elseif (y>388+offset) && (y<=413 + offset);
rt=1650;
%fourth order
elseif (y>413+offset) && (y<=426 + offset);
rt=1680;
elseif (y>426+0ffset) && (y<=437 + offset);
rt=1710;
elseif (y>437+offset) && (y<=448 + offset);
rt=1745;
elseif (y>448+offset) && (y<=460 + offset);
‘ rt=1810;
elseif (y>460+offset) && (y<=472 + offset);
rt=1930;
elseif (y>a472+offset) && (y<=490 + offset);
rt=2010;
elseif (y>490+offset) && (y<=507 + offset);
rt=2050;

end

WY10
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function [] = plot_points(a,data,count)

figure(3); image(a); axis equal tight; hold on
fori = l:count

co_x = data(i,1,1);

co_y = data(i,1,2);

plot(co_y,co x,'b.,'markersize',30)

end
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function [J = plot_stress(stress)
[n_row n_col] = size(stress);
co_row_start = 1;

co_row_end = n_row;

co_col start = 1;

co_col end =n_col;

%figure(3); hold on
9%contour(stress)
%axis tight equal
%xlabel('y")
%ylabel(x)
%line([co_col_start co_col_start],[co_row_start co_row_end])
9%line([co_col_end co_col_end],[co_row_start co_row_end))
%line([co_col_start co_col_end],[co_row_start co_row_start])
%line([co_col_start co_col_end],[co_row_end co_row_end])
mean_array = zeros(co_col_end-co_col_start+1,1);
fori=1:co_col end-co_col start+1
co_col =i+ co_col start - 1;
mean_value = mean(stress( co_row_start:co_row_end ,co_col));
mean_array(i) = mean_value;

end
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25 v

26 ¥Plotting

27 - overplot_matching_point = true;

28 o e e e e e Error Checking-—--—-——--———-mromemmecme e ne e
29 - if use_thickness

30 - if sample_thickness > max(thickness_top,thickness bottom)
a - error('Sample thickness is too thick.')

32 - end

33 - end

34 e

38 = a = imread('hivefringence

36 - | b = imread('skgscrop.ipat): |

37

38 - sweep_X = coO_Xx_startico_x_end;

|39 = sweep_y = co_y_startico_y_end:

40 = num_x = co_x_end-co_x_start+l:
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22 = end_| colu.mn = 507 + offset column

23 = row_top = 54;

24 - row_bottom = 394:

25 %

26 AllarTing

27 - overplot_matching_point = true;

28 e e Error Checking--——-——=======———o—
2% = if use_thickness

30 - if sample_thickness > mnx(bh:.ckness__t.op,t.hicknesa_bct-tom)
31 - error('Sample thicknesds| is/ too thick.')

3z - end

33 =~

34

35 =~ .

36 - b = imread('lkgS.3pg')’

37

38 - sweep X = GO X start:co_x_end;

3% = sweep Y = co_y startico_y end;

40 = num_x = co_x_end-co_x start+l;

41 - num y = co_y_end-co_y start+l:

42

43 ~ figure(l):image(b);%axis equal tight;

44 - line(fco v start co v startl.lco x start co x endl)
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27 = overplot_matching_point = true:

28 e Errer ChecKing-———===-meemmmmm— e
29 = if use_thickness

30 - if sample_thickness > max(thickness_top,thickness_bottom)

41 - error('Sample thickness is too thick.')

32 - end

33 - end

34 L e et D Code e e
35 - a = imread('birefringence.jpg'); $Charsc

36 - b = imread('2kg5.3pg');

37

38 - sWeep X = CoO_X_start:ico_x_end;

39 - sweep_y = co_y start:i:co_y end;

40 - num_x = co_x_end-co_x_start+l;

41 - num_y = co_y_end-co_y start+l;

42

43 - figure(l) ;image (b)s%¥axis equal tight:
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2 L ik i ke e INPUL===rm===c=cenm = re el - R = === ¥

3= c_value = 2.54 ¢ ¥Constant

4 &

§i=- co_x_startw= 1000! %Range cf cgbrdinate used in photoelastic r

6 = co_x_end = 1002: %Range of codkdinate usad in pho ascac

p i co_y_start = 10002 *Range of dpordanate used in p elascie result

- co_y_end = 3000; ¥Range of codkdinate used in photoelastic result

] ¥

- use_thickness = false; %Use the data frem the bifriengence diagram that pertain
11 = almple_th.\ckneal = 1.5 %If use thickness = true, make sure that sample_thickne:
12 - tol_r.h:i.ckn!sl = 10;%Telerance for thickness in terms of pixels

13 - t.hiakne:a_t.up = 0,06 %Thicknesa range in the bifriengesnce diagram

14 - thickness_bottom = 0; %Thickness range in the bifriengence diagram

15 ¥

16 - tel_color_start = 20;%Tclerance for coler

17 - nu:uhc:_ct_:r.lcch;ng_pcinz = 10: ATarget number of matching peoints in crder to cal
18 %

19 ¥Cocrdinate of the colaor-data in bifriengence diagram. This is because the
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24 - row_bottom = 394;

25 ¥

26 $Plotting

b overplot_matching_point = true;

28 N e e e e Error Checking-—-—-=====--—mmmmm e e $
29 - if use_thickness

30 - if sample_thickness > max(thickness_top,thickness_bottom)
31 - error('Sample thickness is too thick.')

a2 - end

-

34

35 -

36 - b = imread('3k

37

38 = sweep X = co_x_start:co_x_end;

39~ sweep y = co_y_startico_y_end;

40 - num_x = co_x_end-co_x_start+l;
§F = num_y = ¢o_y_end-co_y_start+l;

42

43 - figure(l):image (b} %axis egual tight;

44 - line([co_y_start co_y_start], [co_x_start co_x_end])
45 - line([co_y_end co_y_end], [co_x_start co_x_end))

46 - line([eco_y_start go_y_end], [co_x_start co_x_start])
47 - line([co_y_start co_y_end], [co_x_end co_x_end])

n‘ :d‘ ¢l g a
JUT wALa wamamslaveludnumdngs 3 kg

\danvaulIRUIUNTBUALALAIFUN WALS

File Edit Tﬂt Gor Cell Toolsr Debug Dlsktvp Window  Help ;
Dl $ BB o@D - Aenf B -BRD0 I B M| stk e - | fx

Bl -0 |+ [ 21 xleBe® |0
- clear;oloiclose all:

1

z e . . e e Inp.lf. ,,,,,,, - 3

- R ¢_value = 2,854 : iConatant

4 v

5 - co_x_start= 1350; %Range of cpordinate used in photoelastic result

€ - co_x_end = 1352: %Range of coprdinare Used in-photoelastic result

7 - co_y_start = 1000: %Range of fcordinate used in photcelastic result

8- co_y_end = 3000: %Range oficcprdinate used in photoelasti® result

9 ¥

10 = use_thickness = false; tUse the data frcm the bifriengence diagram that pertain to certain
11 = sample_thickness = 1,5; %If use thickness = true, make sure that sample thickness 1s betwee
12 = tol_thiokness = 10;%Tclerance for thickness in terms of pixels

3= thickness_top = 0.06: tThickness range in the bifriengence diagram

14 - thickn!ll_bnt:am = 0! %Thickness range in the bifriengence diagram

15 ¥

16 = tol_color_start = 20;%Tolerance for coler

o i number_of_matching_point = 10; %Target numbesr of matching points in corder to calculate the
18 ¥

19 %Coordinate of the ceolor-data in bifriengence diagram. This is because the

20 $diagram ccntain other pixels that are not the relevant information.

2 - offset_column = 72:

- end_column = 507 + offset_column;
3 - row_top = 54;

¢ - row_bottom = 394:

25 %

26 ¥Plotting
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26

28

34

37

42

2 =

28 =
30 -
31 -
32 -
33 -

35 -

%

$Plotting

overplot_matching_point = true;

e ettt e e e Error Checking-—=—-——====-cmmmm e

if use_thickness
if sample_thickness > max (thickness_top,thickness_bottom)
error ('Sample thickness 13 too thick.')
end

36 =

a = imread('birefringence,ipg')s &SChart
b = imread('4kg5.3pg')?

38 -
39 -
40 =
41 -

43 -
|64 =

sweep X = CO_X Startico x end;
sweep_y ™ cO_Y_starvico_y end;
num_x = co_x end-co_x_start+l:
num_y = co_y_end-co_y_start+l:

figure (l):image (b) : $axis egual tight:
line ([co_y_start co_y_ start],[co_x_start co_x_end)])
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1

clear:clc close all-

¢_value = 2,.8¢ ; %Constant
7

COo_x_start= ls0U; ¥Rangefef coordinate used in phetoelastic resulc
cc_x_end = 1402: %Range {f cocrdinace used in photoelastic resul:c
co_y_svart = 500; SRange Jof coordinate used in pheteelastic result
co_y end = 3500 tRange 4f coordinate used .in photoelasgic Tesult

use_thickness = false! &Use the data from the bifriengence diagram that perta:
sample thickness = 1.%3 %1If use thickness = true, make Sure that sample thick:
tol_thickness = 10:%Tolerancerfor thickness in.terms of pixels

thickness_top = 0.06; %tThickness range in the bifriengence diagram
thickness_bottom = 0: %Thickneas range in the bifriengence diagram

%

tol_color_start = 20;%Tclerance for color

number_of_matching_point = 10; $Target number of matching points in order to ¢
%

%Ccordinate of the cclor-data in bifriengence diagram. This is because the
tdiagram contain cother pixels that are nct the relevant information.
offset_column = 72;

end_column = 507 + offset_column:

row_top = 54;

row_bottom = 394:

%

$¥Plotting

LY

= 5 :
zﬂ M WA1Y LARIYIULUATDINTITILATIE ﬁwuwwuﬂmnaQ-kg

WA1l



500

1000

1500

2000

2500

3000

500 1000 1500 2000 2500 3000 3500 4000 4500

JUT HA20 LARINTOUYBIVBULIATIE BNULATWEUIIU

500 T . . T . T

450

Stress

e e

100 .
50 - i.it .
D | | 1 1 1 |
0 500 1000 1500 2000 2500 3000 3500

JUT HA21 LARINSINVRIANUAUALIVINGY dkg

NA12



AMANUIN 9
YUNAUNIS Simulation aelusunsy Solidwork

LASVURAUNITATUIURIEUNITAMULAULAAZUI LN



) o2 a_ a
RaAITUADUYDINIS Ldussas lUNTuuTuTUsunsuTeaain
o o bg & -l 1 al ar ‘J
1yhn13auuuTnassvestuanuadulusunsy Solidwork Taefivuraiyiniu 3 x 50 x 0.15 YU.AIFUN Hal

4 e 4 L & J o 2 P -
E'Uﬂ Wal sU%umuwﬁmmﬁwrmu%umuwmnﬂiﬂﬂaaﬁsa

i o oy M 8 il ] o @ o
2.4dendrds Simulation iaannifuidieni New Study Sagudl ra2

4 o & [ I v
JUT ma2 B3udumpunsyi Simulation

Ha2




. v a o Y P
34800 static udpAniATesgnATuwagUT a3

gtlﬁ'n' 133 Pdastatic

a a0 @ . v @’ & w
4.pfinuMA&s Fixtures udaldion FixedGeometry fagui wad

K4 Study 1 (-Defauit-)
I Partt (-SWIPC High Vis
= Connections.

< o o
5UN g A1ds Fixtures

B3



=

4. & 4 A a o i
s.denga fix funulaglufitesSaumeviansinavasiuny dnmsvaassads uuunis fix uansdaguil wes

'
[

SUT ne5 fd Fix

d o v g ve ] ' o v = < w =
é.sflofmunga fixudh Bivhmsldusdununasigidaansasuutunulaedent force faguil 196 uny
1 - < [ ] o o
fmungaiiliusenszyinnmignasitaeisguil ner

v
s

A !
3UM w6 Tumauraanislausiwunlag

W44



- oo e
7. va9n create mesh A93UN Wa8

J s o o I !
U wa7 fmundumyilausaunnlag

g
o a

o
JU7 48 ANAN create mesh

05




= v = PR = ° Y P4 @ o
8..880 Run ﬂﬂzlhﬂ £39. LW@I‘WSOLIdWOFk LLE’WNNﬂ‘a"lﬁaQ‘UBQﬂjqﬂJLF’TUUU'UU\TIUFNEUW W310

UllsolidWorks

bk

Part1 ™ - SoldWorks Search

Pobd - (B0 -

o
@

Shady

H i
Apply
Material

Fuctures External Connections
0sds

m
Design
Scenario

B, . m B
8 | Reasl, Rend, g ooy .

Featuras | Seetch [ Sheetistal | Mold Tocls | Evaluate | DimXpad

| Offica Procucts | Simulation [

AASHE- G- or- @ B -

SITIRI#] 2
Y st Ta A,
IS Partl
(3] Sensors
11.A] Annotations
4= PC High Viscosity
& Front Plane

& Tep Plane
P Ty}

& Study 2 [-Default-)
Partl (-{SWIPC High Viscosil
LCnmemom
- b Fintures
of Foture-1
L Bternal Londs
& Force/Torque-1
o

Study rame:
Meshiyps & Starts the solver for the active study,

Model name: 'an

FLllal e

| What would you Bike to do?

| 0¥ Colcuate mauts

= °
JUVI 99 @248 run
@isolidWorks | L -t bd - - (B8 sl - ) Part1 = ek Search Dvim B
A by | g B oot m
Shdy “:’_:“!;:d Fixhures F:ol:j"d Connecions Run  Results uml‘ c‘mg m Plot Tools ~ 5\:‘2:,
¥ o % 5 Sl e ¥ P Reprt 5
r}ffnn | Sxmen | !50:«.!1{21 [Mola Tocis] Evmiuate | Dimxpad T-Otce Progués | Simination [ Rl YT - %
D(TIR®] » | wodei name: purtt
|?'—'_'___ — e Study 2
Fidt type: Static nodel eiress Stress? 7
. |38 FrontPlane | Deformation scae 0156708 Lhi
% Top Flane i
& Right Plane o
1, Ongin vor Msss (NAr*2) i"Li
+ (@ Edrudel $2683200.0 u
fEes L B s £
2t T e =
Study 2 [-Defaut-) =
[ Partt ([SWIPC High Viscosi 306403400 r4
T connections L ‘ 35158004 0
o Foture-1 'J ‘ 07784320
= &1 External Londs 2N74T80
& Force/Torque-1
Mesh 220185200
- al Results 176388720
Stress1 (-vonMises-]
ﬁmlphummﬂ (-Res diy 132848100
R Straind (-Equivalent) 8873845 0
w4BaT11 8
i 117678

Finnmmlnuu e

JUN 1310 wavildainnsTdussasuudunu

W36



. . . 4% o o &
WEAINAIINAIS simulation U89 Solidwork NUIUUNAIIAIUNTITNAADIAIY

v . ] = ar o
LUARIKATDIANANRINNTG simulation 1 1kg egUN w1l

|Solidworks g L) - C{ Baly T . ST% vonMises (Nm*2)
& nw oo u ‘Il P B Desan b ]
v ~;_" Fahres f:.:-l‘ Corrections E\I\ c' \(Wl mm‘m ’ir‘ smﬂ
i R L #
mulmtmuu mvm !MIWI«— AimwHation 483022480
o rarve Pt AU D-F - PR &
presnmz - 439212820
ormadon seale 0165708
. 395403400
35159384.0
307784320
263974780
220165260
176355720
13254618.0
Y BB73665.0
b S 44927115
:"?'. ¥ 1117579
£ RANR N 3 b, 4
dWorls Premum 20000 0 e A =T L R W I AMNBYE~ W .. ™ vy SR

= & v R & o |
EU'/] W31l LL?WNTJaLLaSﬂ']']ﬂJLﬂUUUN'J'UUQ']ui]']aaﬂ"i]"tﬂﬂ'ﬁlﬂhlﬁﬂ 1 kg

o . " - o e
2. WARINAYBIAIUAUIINNIT simulation 71 2kg MagUVI We12

Dsoiworks f - >l f (B e L . vonMises (Nim~2)
g b Lt EGE B EE w\ (e
S S g N i R 1033644320
Fastires | Whsicn [EnnAIWﬁm 047 9
Feeefoes ol § BASE D@0 ar iyt
ity e s | 86173568.0
- 775781440
. 688827120
603872800
il 51791852.0
. ) 431964200
346009920
26005562.0
L 17410132.0
; 8814702.0
*frant
TR ML W W TN W T o Sy 2 [ 219271 6
(O P AN 0 2 0 R A= 1

= kY v a & o |
EUW Wa12 LLHN'S’JﬁLi.a%ﬂ’l’mLﬂ‘uuum‘uud’mﬁﬂﬁ‘ﬂ&’i]’lﬂﬂ’]'i‘[.ﬁl,i'i# 2 kg

Wa7



3.UARINATBIALLAUIINMG Simulation 71 3 kg AagUT ma13

Eisoldworks B -t bd- e (G140 - i <, von Mises (NAn*2)
A8l L E B e e B
SN | oty T SN Comichors R WT"?::T' " e 155046736.0
Vouhures | Wiaich | Snae oiol | Woid Took | Evakite | Deniged | OWee Products | Sematation 142153584.0
el e Port AN @E- J-00- SR -
Pk e e gl o Seant
Detormation scke 0052845 - 129260416.0
- 116367256 .0
. 1034741040
90580944 .0
84794624.0
51901454.0
39008308.0
L_ 26115148.0
“Pront 132218688.0
RO TR s J
F 0K K| g | Bk 3288300
SehdWerk Pramium 2000 V. &
o | ¥ a o ° |
FUN w913 Lane3duarAuAuUNRRTuuNaeRInnIslalse 3 ke.
4.UWARINATBIANNLAUIINNTT Simulation 91 4 kg HagU?l we1d
WsolioWorks g e ol e e (3]0 0 23 2075 1) S| W T yon Mises (NAnA2)
A g de U Ere B B
| oy | I i 1| A | o U ot |+ S 206728664 .0
2 o ¥ - . i o neert =
Fashwrss | Creidy | Ghest et | 101 focts {W smwtation [
Mackel rara Pact LRV - R B ¥ SRR it
Study neme Study I
prerincbepedippylos by - 172347136.0
. 155156288.0
- 137965424.0
120774560.0
B86392840.0
69201884 0
520111240
Lﬂ 348202640
“pront 176294040
o P
Dl Db lih el bl 2,14 4385432
SolidWorks Premium 2009

UM H314 4anITIdlasAMUANULRRTUIIUTIA89INNTTLAWSS 4 ke.

v

W38



N19ATUIUNIAMUAUIINLUUNSNABDITINTIBURUSolidwork

- =t < 1] I‘J’ -l o 4 é I L2
AUETI 50 Wwudwns YaneBaiauuuaaes duswinseiniaafenatainiu 1 kg 2kg 3kg kg wamanisun
AUNTITAMUINAMUAY 04 Srazsingquuaufail (A1 ¢ = 9.81 N/kg)

Wetlswnnseywiniu 9.81 N

Ra;  9.81%0.25 = Rg(0.5)
2.4525
= RB
0.5
Rs = 4.9050 N
9.81 = Ra+ Rg
R = 9.81 - 4.9050
Ra = 4.9050 N
PL 9.81x0.5
FEM = — = —— = 0.613¢'N.m
8 8
0< x <25 M = 4.9050X - 0.6131 N.m
25<X<50 V+9.81 = 4.9050
Y% = 4.9050 - 9.81
v = -4.9050 N
M = 9.81(0.25) + (-4.9050)X - 0.6131
M = 24525 — 4.9050X - 0.6131
M = 1.8394 - 4.9050X N.m
1.5 X103 ),
€= hf2s = —2"— = Tt DT
bh3 0.03 x0.00153 Ao
| = — ; I= —Ns A 8.4375 X 10 "m
12 12
MC
'
e o s (4.9050X—-0.6131)(7.5x10™%) e
L ¥ < 8.4375 x 10~12 "
0 = 436000000x — 54497777.78 N/m’
o o = (1.8394-4.9050X)(7.5x10™%) -
aae = 8.4375 x 10-12 m
0 = 163502222.2 — 436000000x N/m’

(AN



< o 1w
Wolluswnseyiwiniu 19.62 N

Ra;  19.62X0.25
4.9050
0.5

25<X<50

C=h/2; (@
bh?

12

0<x<25

25<x<50

0.03 x0.00153

= Re(0.5)
= RB
= 981 N
= Ra+ Rg
= 19.62 - 9.81
= 9.81 N
= 1.2262 N.m
M = 9.81X - 1.2262 N.m
V+19.62= 9.81
Y = 9.81 - 19.62
Vv = 981 N
M = 19.62(0.25) + (-9.81)X — 1.2262
M = 4.9050 - 9.81X - 1.2262
M 5 3.6788 - 9.81X N.m
g [

-4
= 7.5X10
2 m

- 8.4375 X 102 m”

MC
g =——
I

_ (9.81X—-1.2262)(7.5%10™%)

8.4375 x 10712
0 = 872000000x — 108995555.6

12

- (3.6788-9.81X)(7.5X10™%)

84375 x 10712
0 = 327004444.4 — 872000000x

N110
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DUUTNUINTENUNINY 29.43 N

Ra;  29.43X0.25
7.3575
0.5

O< x <25
25<X<50

G=hrz: C=

0<x<25

25<x<50

& (14.7150X-1.8393)(7.5x10™%)

8.4375 x 10712
0 = 1308000000x — 163493333.3

- (5.5182-14.7150X)(7.5X10™%)

8.4375 x 1012
0 = 490506666.7 — 1308000000x

W41l

N.m

= Rs(0.5)
= RB
= 14.7150 N
= Ra + Rg
= 29.43 - 14,7150
= 14.7150 N
= 1.8393 Nm
M = 14.7150X - 1.8393 N.m
V+29.43 = 14.7150
Vv 2 14.7150 - 29.43
Vv = -14,7150N
M = 29.43(0.25) + (-14.7150)X - 1.8393
M = 7.3575 - 14.7150X - 1.8393
M = 55182 — 14.7150X
gt "
v g iwin B 75X 10" m
0.03 x0.00153 a2 a
T—' 3 8.4375X 10 ™ m
MC
=T

N/m

N/m

N/m

N/m



A o 1 at
LllE]ﬁLL’N‘JJ']ﬂ'i%VI"iWI’]ﬂU 39.24 N

Ra;  39.24*0.25 = Rs(0.5)
9.81 .
0.5 - "
Re = 1962 N
392@ = RA + RB
Ry = 39.24 - 19.62
Ra = 19.62 N
PL 39.24X0.5
FEM = — = ————— = 2.4525 N.m
8 8
0< x <25 M =19.62X - 2.4525 N.m
25<X<50 V+39.24= 19.62
v = 19.62 - 39.24
V = -19.62 N
M = 39.24(0.25) + (-19.62)X - 2.4525
M = 9.81 - 19.62X - 2.4525
M = 7.3575 - 19.62X N.m
1.5 x1073 -
C=Hh/2; 8 “2— c 75X 10
bh3 0.03 x0.00153 ey 8
= [ _— 84375 X 10 " m
C12 12
_Mc
N Y
e i o (19.62X—2.4525)(7.5X10™%) .
< By 8.4375 x 1012 '}
0 = 1744000000x — 218000000 N/m
(7.3575-19.62X)(7.5X10™%)
25<x<50 == : N/m

8.4375 x 10712
0 = 654000000 - 1744000000x N/m
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